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(54) [SPJ©£»] *^#:^gi!5g©^fflaxefc^itSM««»*^ 



(57) IWM 

[MB] 3feflM*iMlEfcJ: D Aft & 4: 

SffiS 5 1 (D&AfrAMt** 1 1 J: *> 

*>©t% ips^a:Ki3fc« 1 1 3 £*-rsip»i*iicitK^ 

-tOtaJHWJaSRI* 1 tt, 1 2 2 1 

Kl*Slt3, 36* 5 1 £ ©SSttfcPJSlia GBIi&S&ftflBR** 2 
2) (iifil*oKv\Hft^fili*^ -^©g^WDa 

&m < vmmt 2 i (MHttttsffitt 2 3 ) r±3\aBii*© 

iSS v ^ Wit fc«^S«*©iSv vHW-cj^jft $ frufc ©T- 
fc 19 , %:<DMMfflfemW 1 ^HV^Tjyg 5 1 co&m^Bi 
^t5lS>- ^©SJSUfcjt^Tfe® 1 1 3©tH*(c^ 
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(2) 



¥ff^W- 11-163070 



fig $ *u t^omi^k b (ommmm.-& & < msMBom 

$ jxfcwsiBw jest */iv*-c. iuiE»Koaa *• 
stisei-sxej:, 

sc© mti % mm-r 5 m mmm b is t %m *. it z 
[ft*9l 2 ] it *ti 1 Etto^^vam&ox^a 

y ^ i^ffc-&* *> u < »t/v 5 ^-a> e> mzumm&m 
[it 3 1 it 1 mM<r>*mvmwm&<7>m&m. 

[0001] 

k« of p m J; 5 aueiH w^-ffi w-r s „ 

[0 0 0 2] 

TA : Rapid Thermal Annealing ) -A^ffl £ *LT V"> S 0 



2 

[0003] ba>u *MMLcj;5K«»re«\ mm 

fcfe, ?f;OW*t§t«^— CWISjm'JW (Open Loop Co 

ntroi ) ) attR©3feaii5i* ^ 

— K^S/^-r-SBHUl^flJ^ (Closed Loop Control ) & 

[0004] ifc. mu^wM&mfe-t&mnt u» 
Sett, SRs^^iaimsis (-^ao ^s^tiE^te-rs 

[0 0 0 5] ffe(DS.SS!l*S«t LTtt, -> y =1 — 
K (s i c) *»e>*«4SEWB*t{!:*i«at4-rtff L> 

30 i&aESrlBSWfCjB!ISf 5$fefl|*i«rHI^4 - 1 4 8 5 4 6 

[0 0 0 6] 

a?a#Aastee * titc *> , ai®at»©jMisrai < aw- 

40 [0 0 0 7] S«{rfSim*r^ffi^gtoS-&T?a* 

[0 0 0 8] $ ^fc^Ma3fl-(c^SbfcB«#t-J;5)m 



(3) 



H&m ¥■ 1 1 - 1 6 3 0 7 0 
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[0009] *fca&tE*»e>©jfte*i*aHflswa»e>©iH 

tttRfcisV =*> (s i 

[0 0 10] M^«>K«tO»Mf|5{Cj5V^T 

[ooi l] iot, M6HH#taME*IE;t5WleIBHSlHWT? 

[00 1 2 ] 

MMmmtt tit < «EBBBWtt3fc^ft*<DflS V ^*J-)PF* fc «3fc 

w@K«jBv^t\ s^maMj^-rsxet, 

[0 0 1 3] ±lB^#^«»3fi<Oilft*!Uaxmtc:*3ttS 

5 tB0?atiJSrai5a5^o«E«§i5»*si»ean*«>iSsv^ 



[0 0 14] Sfc, rrofR-gaEtttOPSSV^JlSI-^ fc^SK 

©ll±#^ii t ^ if & < ft 3 ©T\ S£asRH-<o®aftic 

j: 5 mnM<n®im.w.<vmk, *Ra» e> <on*ttc <t 5 sum 

[0015] 

m 1 Kummi^mm^xmt t % fc«tB&w®m^ x^x 

[0016] mi K^-rx 5 fcs 
axiBfcaav ^x s^a^® t&i*sij^icji aj^a 

20 1 tt, 0 2 (c X~?xmJlirZMm^t£iz.%M 1 1 

3Sr^-f-5»r (5|?«<o^-3.— -fx 1 2) rtfcJK^ 
SiTs _WE3telSl 1 3a>fe©3teflMtfcJ:DJ!iJR$iT,5a; 
« 5 1 cofiiS l 1 J: 9 5 fc co 

T-fcS. ^coB«>itl 1 trl^«X5^*g|5«2 lfc:}3tt 
5±IE*«5 1 ioSMfPJUa (SJS.^1 2©as^« 

= h *s V Vm<Oiy V W K) fe L < teT/U 5 
30 aSfflV^tVCV^o — X|B»K5 1 t<DglM§|JJlffl 

^r»< ±famssy^s 1 co^#a3# 2 1 (^«asi3 

[0 0 17] JWWSfctt, 8f«SC3l!Ht*f'*»fe!tesaJEa 

a\ (pt) -a^ (pt) • io%pv*!?a (r 
40 h) sa«^t-T'S> 9 . m«*n 1 <vmu%% (-a-^ec) 1 2 

f 3 i rttiffif ^ti-xi^x, r©»3iiifiite 

^s^fe^So ^©M-ei*. b^cd^i 3<D^mmv 
3 i rtt-stf snti/^o ^©ri/rf^, i 

[0018] XfBSaSP^ 2 1 60 5 t>, XISffliJ?£§U 1 2 



(4) 
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(ii*vB3Ms= i . 6 6 w • m 1 • k- 1 ) <D+mm&&L± 
©iffv£#*%*i-3*tf'+, * u< n 1 0 0W • m 1 « 

K 1 ®*^±^fe^Sr#i-5#^^*^ 0 ~© J: 
6 iw - m-' • K- 1 ) ^fcSo 

[0019] ±mwi&mmmuu 2 2 mmn 121: 

V = v $HTV^5 0 -oriH, SUISSE 
#22 Sr^-L-C(Om^S!j^-CH:fe^^, »® 5 1 ©§&» 

somas i 2 — 9 , mm 5 1 ©»nsrjw^i-5 
t ^ Ritg^ei & s „ § e, tcsa jiaeB«E«s m 2 2 « , * © 

JS^'tt £r iSS * 4 fc * fcfS&gS© /Jn $ ftfllit i:LTV^„ 

figmtBMSWt 2 2©^», sumtBi 2fc 

StUT^jfTT^tftSr^tb-CVNT, Will df-ty?'© 
^5^1. 4 mm, Jfty/CrtiASO. 9 mm, ^ 

[0 0 2 0] * fc, _k1£K«£&*f 2 1 CO 5 *t>, ilESUffl 

gBMtw-f 2 2 &u<fa<7>u&<Dmmmmt 2 3 
* © ittticDP^iR ^rnnrn z. tcmm tttfl jww® 

<fc 5 iSSWWgW 2 3 Ojg«±#^ IS fc A/ if * < * 5 © 
[0 0 2 1 ] * fc, — *S!fctfem*J- 1 1 ©5gj& 13, 14 

m £ nfc* <z>jg* & s t hj if s it 5 ^ fc \ * o 
fc, _hfsfflij?u^«»§i5M2 2*sis«tti&si«<a«'©vy 
^iSioiMti (i2oo°c^T) x-itmrn^ 

IBiifitilSlftfftttt 2 2 fc J; o tl« 5 1 3^3te£;ft,3 r. 
fc t>&v\ 

[0022] mm 5 1 f±, ^ h V— (Ha*« 

«&) J:^ffltfc5lS©aW («x.«2*) ©3fetS 

tkhK* ±.ma&m%&m one 
■mv^^mmm&mnm 2 2 fc ±oT*¥fc3a*s 

inx\^Z> 0 

[00233 we ±immmmx?&m i^ti&mmm 
a 1 &mm-rz>ftm%tmmw±mmw<n-m&. m 2 com 
mMrfzmmm^x^xmm-tz. 

[0024] 12 \cyfc-\-x 5 fc, ^T-Ka^tbfcM/'S.r 

1 1 1 ©rtasfcra, *^iSfc*fLTi«v^ii'tt^w-rs 

^IWf^fcJ: 9 * 5 1 1 2*sk«$^, r© 

^a—^l 1 2©-ffflJlfc.iPl^^©5tMl 1 3t5te-5^n 
^y7V7*^f$^tv^. ^LTSjSJpi 1 1 co— 
SSfl!lfc±lE^=. — 1 2©— Ml SrK St, ^(OWMz. 
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^1 1 2rt^it5f*t»rO^-7'l 1 2 

#ffc-c#3 i ^j-^'/i 14 (^xji^SIM©^ 
[0 0 2 5] — ±ffi^3— y 112 ©-fM-tllfci*;*? 

^Sr'#Ai-5fcfcco^f^^AWi 1 easSiSSJvrvo 

5o ^rUT-hiE^ — ;/l 1 2©F*lS|5fcfci, mH5 It 
3t«Pi-Sfc*©^5£K© 1 1 7aMfc&»*vCV^.5 0 

r © h 1 1 7 fcft^r^s©x*S:^9s 1 i 8« 
10 ^^tv^t, z.<d&M3l£tU1 1 8 i; ittc h v—i 1 
7 JiicgEg LfcaSSll^SS 1 ©5fe*S§t5 (ItflBH 1 fc «£ 
oT«WLfcaaSM«MR«-2 2^irr-Lfc?ffltatl5 1 2) 

tc <t oris 5 i £ tvx\^& 0 ± ItMBM^BM 

i <DmmM<DmM 13, 1 4 ssjs^ 111 <r>mu^m 

itfc?Ll 1 9 £9^fc3!#ffl**v-C^5 0 ^fcSJS^P 
111 fctt^NV o ^ — ^— 131 fcj; 5 fiaSBSfc-BTtg 

0 l(i«fiK$tiTVN5 0 
[0 0 2 6] ±IBB 1 fc J; o TfiM L-fcfiSSiJSSSE 1 
20 ^vnT, fllim E12fcJ;oTiftggLfc^,*f 

mm^mmm 1011a? $ n-s itas« 5 1 ©ta 

[0 0 2 7] »^S2IfST\ _kf£^K5 1 ©SS© 
S!J^t«r±fS7t« 1 1 3 ©tbi^jfc^ .f — fc^ ^ L-T, 
3£K5 1 ©lBfl[*3f3©I6HrtfcflW S i o '<- ±f:l 1 1 

3 © aw ^rpse-t- 5 m mvkmw %n? 0 

[oo2 8] ±mmm^mm^ wx.«> stta&asffi 

V ^a-fctt^^SiJAfeta.SlIt i: k <o^^*id, 
^©glcS^V^TMIl 1 3©tB^^»>$^Tffi«a 
30 aE*RjgaflEfc— S^itSJ: 5fcL, — »£tl.^^ 

®v ^fr;* tiJe<o«^miMt i K^iasiB ©ft 

kicXD 5 fc LT, 

«fc«a*£K5feS£K4!ia*S*i,5 «fc 5 fci-5 0 ±IE 

m&MM<om&e.km%.mAmk<om£. v ^M©a*© 

WxM^-fejft^-CioV^fc^— ^ fc^v^T* 
[0 0 2 9] ±IB^##:^«»c>Ma:i:mfc*3ftS 

40 151 (DWM$l7£ks =t ©fflij^fit STTtiS 113 ©i±J73fc 
7 ^ — hv< y ^ MIDi&ftiJW fc Sr«a^fc* 5 r fc fc 

±mmmm&mm 1 -pb, ^«*f 1 1 ^Mf^M- 2 1 fc 

i 5 ^Seaa, r ©««gfS«- 2 1 © 5 PjmSP 1 2 & 

n 5 «Bs^©aiaaisaE«»« 2 2 dSBis^i4©ffiv 

5 1 ©m^^jaifiifu 1 2 fce« l 

S<*^)c ^<ofcit>, »iH.ASttV«W2 2Sr^LT©M 
KfilJfeT*W:*>5*s, *S5 1 ©S.^Srffi*A<PJ^-r5 
iir^BTtifc^S., 

so [0030] *fc, mumwimntt2 2 §ri^< #,©gp^ 



(5) 
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ia*±#iSK > A, if* < £ ©t, 2 3© 

KiiciSit^ i i oSij^ftco^k. S*[5 ifrt><o 
IBItte J: 5WtMt<ogB-ftjWK > A 4fjB r ftv\ bfcis 
ot, »£5 i <oja**i«w«KiB!)ei"a r. t a* nriBte 

m^mmw^^Mk^^— i 1 2^#7v£ti<-^ 

T. S«5 160?^iS^SiJ^brv^«ll^^bT^o^, 
KflEH lfc J: o -clft W L n n * t b <d \zl ft IP] 

tt, l^Rftv-y (s i o 

- oo^m^f i iw\ iia, e& (pt) -a^ (p 
t) • i o%uv^j. (Rh) s»»*h?*>9* mi&M i 
lowjatt ca^&sw nit 6Mte^' io%o 

^(O^l 3(D*«f 3 1 ^(Cl3^tLTV^ 0 
[0 0 3 2] Jb|Bfi6*aoS*afeS1t 2 0 1 "CMu * 

mm i ^itLTv^^it»«M 2 2 i <o»flr?*> 

±#1- s i , 5 1 e> oieic x x) watmt 2 2 
i$mm£ti%fc:tf-{?tete< , warn* 2 2 1 
mi 1 3<z>**m»iijtuTap!iRSix5?k», 

aaw2 2 i^s«5 id*e>o«». *3jtt>^asi 1 3 

^fe^ifecoKiRrix WRS**2 21 t LTffiv^#i|SKc 
J; 9** 9, ^fcfiMfc^y 3^<D»-&Sr«fc«i-i:^ 

[0 0 3 3] ^^»S^>ffiW^^^fc^>^M»Sr^ 
ft £ *fc 3 fill co^ > ^<D»3g SrH 4 1 J: o TiftWi- 

[0034] 04 CO (1) teti5l^ Ullf*"^^ 
^6 1tt > y 3 >36*E 6 2 <D— ^« {-It 
{tv-y (SiQ 2 ) 16 3, 150 nm<Dm&<7>& 

igft^y 4, 3O0nm(7)j|.$(D^t^t: a :/^ so 



n^t-> y ^ xjk e 5 asaw £*u v- y e 2 

(III) KSMt^y ^^(SiOOl66, 1 
5 0 n mCOj? £ CD#»,§r> P a 6 7 ^flUi £ tbfc 
(D-Cfe^ 0 ^LT±ES^>y^>-|i6 3, 6 6^70 
0 nm- 9 0 0 nm^ffiHTJfS ^X.TV^6^ MR 

um^mm & v ^ cd t & o t v ^ 0 * fc 

ftv- y ^ 6 4 tttfl'tai^^^W'^f— ^ 4 0 k e 
V s K— X*33 5 . 4 X 1 0 " ffl/ c m 2 f£Z>0kfc^— 
r/yikfr^m (B F 2 ) *yaAS^tv^ 0 
[0 0 3 5] g|4(0 (2) S?2fMffi^>- 
7 111 y ^ ylt 7 2 ©—^flj OScfflM) 8 
0 0 nm<Dff £ COgMfci'' y =a (Si0 2 ) 173, 1 
5 0 n mOJ-S $ y >I 7 4, 3 0 0 n m(0 



f 2i>x 



y n yfS 7 2 (Oflfe^ffil (KBfflJ) K8 00n m^>i?$ 
(SiOz ) 176, 

ly y n yf 7 7 f± 1 5 0 n 3 5 0 n mCDfgffl^lS 

y ^ir 7 4 Jr*>ii^^-*/vaf — as 4 o k 

eV, Xjfc&3 5. 4 X 1 0 14 ffl/ c m z 

[0036] (3) [:*tJ;5(^ ^sfp-tt^^ 

y'W 8 1 tt, y ^ yfflS 8 2 CO— 2rtlJ (*ffi«J) fcSfe 
^ftv-y 3^ (SiOz ) 1 5 0 nm(7>J¥$C0# 

Mfp-^y ^>S8 4, 3 0 0 nmcOj?$(D^rt^^>^ 

Bfe-fb ^> y ^ >-K 8 5 $ y ^ i/MR 8 2 coflt 
^IJ (SffifflJ) ClftyJ^ (SiO? ) J88 6, i 

5 0 n mcDJS £ <^#^E§r> y ^ 8 7 $ ttfc h 

(OXh^o ^rUr...hfE^3fFffi^^^V8 1 J± N S^fcv" 
y ^ vffi 8 3, 8 6 COj? $ ^ 1 OOnm~600nm<D 
fSffl> i"^t>*>^ lOOnm. 2 0 0 n itk, 300n 
in, 4 0 0 nnu 6 0 0 n m(D 5 ilO % CO^^M $ fb 

V^TttBl^fkV y ^ 8 3, 8 6 tO)tBSiRcOKJ¥*#tt 

R8 4 KM:, *T*>ii*=c^^r— «S4 0 k e V, K-X 

* (BF2 ) *s>f *>'aAS4^TV^5 0 
[0 0 3 7] Hft V U^yl63 5l**:^> 

#^ i mm^^^ e i , ^ y=yi7 7 <^Ki? 

3» Jl* 2 ffFIB^ ^^/v 7 1 , IMfcix y^y 
183, 8 6 C0MJ*^S^ 5 W&<Dfrf£ 3 Wffii^ > ^ 

[0 0 3 8] iaSjB8ST?tt> ttjffiS 2 fc «t o Lfc 
3feRS*f^^SSe 10 1 ^ffl^^titt 5 1 of^fc D t- 
_h|EH4KJ:oT|6WLfc#*l > #2, ®3ffffy 
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^/V6 1, 7 1, 8 1 ^W-MM [RTA (Rapid Therma 
1 Annealing) ] bfc 0 ^ ©RT Adv'-^yxii, 0 
5 {C^-T «fc 5 I- , 2 0 0 t ©IBtfHS l-SS b fc ^ a 

-^112 (I2#f) rttclWiJ-vr/VufcllLM-S. 
Lt 5 0 <C/ s <DMWM%L-?TZ T A<Ot£&ST 

R) «?#U 5 0t/ s ©JftSISeflETM 0 0°C* 

0°C, lOOOt, 1 0 5 0°C, HOOt, 115 0 10 

°cicts:^Lfco ft*5, JL1Brta©v— y^te— ffl-T* 
[0039] r. n-e, ^t^fiftt-Mii- bfc t # ©# 

OKjefflJE%*i-o 0 6 <C^-T i 5 9 0 0W?>9 

5 oT:s^*-??i'±«ff— s:cd2 14 0 a/cmg©v— 
T-acJjfctttriSU ioo o'Ca^J; «9SSfiSc&3 i^SS: 
!Cv— hSfei^lST-rSc ^LTl 0 5 OtTIl 1 4 2 
o □ /□m«o->— h*£fctttfc:* 9 , 110 0 °c-ett 9 20 
8 0 Q h^SSfrftl'Sr^U 115 O'C-CK 
8 0 0 fl/QgI©V- hSSfttt^ftofco 

[0040] mm. 3fmm<om L mmi&& 1 ®i# 
W) »zxm&m.<o&3m , s&m.2 o 1 aa3#$o k 

tt) tPJ©aS (tttt) ^©BBWfciSLfcfe©-^**. 
-e* u ?&,g»J^sKS 2 o l {c i sffl^fitems t> © 

[0 0 4 1] 2 SMffiU- VTVV 7 1 KiStf so 

5 a ~> y = van 7 7 (omm & 2 5 0 n m©f Nffi-y- v 

^/KC3oV^TS«H*tt 1 0 5 0 TCHUiS J: 5 

Htt&mw f ifF*fy^6 KoSMb^y =»>-jBt6 

3 , 6 6 (Off £ , 2 fF-ffiif > :77V 7 1 ©#|£if| -> V =" 
>I7 7(7>jf:$ N ^J;^3t?iBiivy^8 KDgtfbv- 
y ^ >I 8 3, 8 6 

%m&-rz> 0 40 
[0042] @7 s^-f-j; 5 afetsm J: fe-rra cftjH 

i"5„ BI6 feit/IH 7 (Cjol^T, RTA©^g?ii 

JtR-fSi:, VM&mt.— St"CV^5 0 rori*^, 

Lt t, m,saij^g«i m i mm.) tts«?as©iet 
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U %*SS©aftWJE5K11 2 0 1 (@3#M) <t *5 «!I 

m^ugtm&mz o i &mRmm<z>iEmtem&&-v% 

[0 0 4 3] M^WM^^^S KD^bVU 3>18 
3, 8 eojJW&^bS^/fc^^A-ft-, ta«Sl3E3S« 
20 1 (0 3 #158) i:£r 
fflV^cM[HlKf!lW(CT, ftflEEI 5 £ o mm Lfc v— 

>x id j: x> assit 1050 ■c-cao-ssrite u r. © s# 

> f>iCi 8 {C^-fo -©H 8 -Cii, «£«i^v— h 
7£m9.1lz.£Z>mWl$&ffl'®s 6gt# OH^Pptt^JfeS© 

ttiassi^s ltis R5tHis§itt#Ps eft # pp 

(*«Mcom«SiJ^S2 0 1 ^J;SP93lEl8&feJ1»Sr* 

is) (^mm^'A. msMizmt 

#etl^o U*^L, iBI»£SI:2 0im v— 

[0 0 4 4] ti«sij3tg« i (a i #M) h ummi^M 

12 0 1 (B3#D ir^ffl^fcP^m^JfPic i 5 IB 3 
Mi?" 8 1 ©8Mb -X y = >m 8 3 , 8 6 ©MffSr 

>-^> (C <t 9 MMUS. 1 0 5 0 < iCT^S : SrJfi LfeB#<O x gft 
<bv- ynyf8 3, 8 6 ©Kfffc «fc 5 gcSR#<7> 9 >-^tt! 

ft # ©eg^iffttasas^K nas Hia^ijfp, eft 

[0 0 4 5] 110 (c^i-i 5 nmMfe'giW: 1 Srffl 

iEb-CVN5©dS*P*>5 0 b^^L, ItffEH 7 ic^t" J: 5 
{c, S*aSSS2 o l-eit 

y = >«»Kfs f>f(iffnc7 ^7*wa ft »? s sifbv 

A^e>©^£Sr?fiSS!lSSI*2 0 1 ^JttS?®JjXb-CV^ r i: 

SrSEi^b-rv^o r©i5^ ?asa^*©*^ir b 
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[oo46] tmm 6 ~h i o -era* ^fb-> y => vreff 
s i ©*!Mii£ffl^-c, ?a»jy^s» i \z.£&mmmm 

©*£m£'^ Lfeds, fg££>«9$ ^fc^»#S6«©«Bfi 
xmicfel KJ*^K1C©Xf| 6 o # !c J; 5 *K 

[0047] m-h»j;5}c x fflmv&%>miz$sx^xmj£<o 

[0 0 4 8] -Wi tt, HOTEfrlWfcSii:, 3t©K43t* 
SraSfcfcafcKSrJSv^T, P^IUI&ftlJtP©^**^ Life**, 

tas»jss«i (Bi#i) ^v^csi[ijmij#p-c}i, 
1 &mf&rtt$&iWa.— -7*1 1 2 03taia^R^s 

^11 KDfaMcoftBMm. Ml 1 3t^57y7o 

[0049] n©ft!HIP^«fe©afStt*-ffMB-t-Sfc*, a 
1 (B 1 4MB) fcfflVNfcMElMHBHipic J: .9 , 

sffsaa 5 iz^^xmm Lfc->— y v^sc j; 19 sijsm* 1 
nzsm 1 >/^-y — ^— ©a^ias, & e> w-7tm 1 30 

1 3 J;*57>7'©a7JlrB*$5r >!dJ;»K 135 
$P©^5t'tt*rffFffiLfe 0 fy7'/KC», 6 0 0 nm©^ 

®KkJ9S (S i0 2 HD W^^jtfcv-y^yM^ffiffl 

u su^&jg^^^©-^:^ >^c-> y =■ 
[oo5o3 aii icj^-t-tuaajj^a 1 ©?ai;©&s© 

o 5 o°ct?— Mbtt&o r.©EI i i wmiz. 40 
[0051] L^L^b, m<a£«fi&tt:, tasau 

3) ti^SiimSo r©3§*£rEl 1 2luio 
f B ©i.gffl*Sll SrtVMiDfcT/j^, 2O0ftgg so 



ot^b- 3t:sjs-^© py ^ b&z>-t>itvz> 

1 . 0 , CElT«>*Kft!itf Kfcfi*lW«#'^riBT?*) S - i 

[0052] Hi3(c s ^>-7°m^ CKEtt) tm 

«©Mtfcl& OWN) t©H#Sr*1- 0 ii-e*t5y 
3C*tJ:5t:, 7>-rtt|7itt, *s±* 5 o ft©*^ 

[0053] a±ort ± d , m&<o&mmfcmw 1 * 
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(54) TEMPERATURE CONTROL METHOD FOR HEAT TREATMENT PROCESS IN 
PRODUCTION OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To control the board 
temperature accurately even when a board having 
radiation rate or light absorption (treating temperature) 
dependent on the film structure, film quality, impurity 
concentration, or the like, is heat treated by feeding the 
board temperature back to the lamp output and using it 
in closed circuit control for controlling the board to a 
desired temperature. 

SOLUTION: Temperature control method for measuring 
the temperature of a board 51 being heated through 
irradiation with light from a light source 1 1 3 by means of 
a thermocouple 1 1 without touching the board using a 
temperature measuring unit 1 contained in a heating 
furnace having the light source 1 1 3 as a heating means 
comprises a step for measuring the temperature of the 
board 51 using the temperatu re measuring unit 1 which 
is made of a high thermal conductivity material on the 
periphery of the contact part with the board 51 
(temperature measuring part coating member 22) in the 

coating member 21 of the thermocouple 1 2 thereof and the coating member 21 (line part 
coating member 23) is made of a material having high light transmittance or reflectance except 
the periphery of the contact part, a step for measuring the temperature of the board 51 using 
the temperature measuring unit 1 , and a step performing closed circuit control for feeding a 




measured value back to the output of the light source 1 1 3. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Ciaim(s)] 

[Claim 1] It is the temperature control approach in the heat treatment process of the 
semiconductor device manufacture using the thermometry equipment which measures with a 
thermocouple the temperature of the substrate which is held in the heating furnace which has 
the light source for a heating means, and is heated by the optical exposure from said light source 
to a contact process. The contact section circumference with said substrate in the covering 
member which covers the thermocouple of said thermometry equipment is formed with an 
ingredient with high thermal conductivity. And the process which measures the temperature of 
said substrate using this thermometry equipment in which said covering member except the 
contact section circumference with said substrate was formed with the ingredient with high light 
transmittance, or the high ingredient of the reflection factor of light The temperature control 
approach in the heat treatment process of the semiconductor device manufacture characterized 
by having fed back said measured value to the output of said light source, and having the 
process which performs the closed loop control which adjusts the output of this light source so 
that the temperature of said substrate may be held to predetermined within the lim its. 
[Claim 2] The temperature control approach in the heat treatment process of the semiconductor 
device manufacture characterized by measuring the temperature of said substrate using said 
thermometry equipment with which the covering member of the contact section circumference 
with said substrate consists of carbonization silicon, a silicon compound, or an alumina in the 
temperature control approach in the heat treatment process of semiconductor device 
manufacture according to claim 1 . 

[Claim 3] It is the temperature control approach in the heat treatment process of the 
semiconductor device manufacture characterized by using for the thermometry of said substrate 
after said thermometry equipment heat-treats the count of predetermined in the temperature 
control approach in the heat treatment process of semiconductor device manufacture according 
to claim 1 . 

[Claim 4] It is the temperature control approach in the heat treatment process of the 
semiconductor device manufacture characterized by using for the thermometry of said substrate 
after said thermometry equipment heat-treats the count of predetermined in the temperature 
control approach in the heat treatment process of semiconductor device manufacture according 
to claim 1 . 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the temperature control approach by the closed 
loop control in detail about the temperature control approach in the heat treatment process of 
semiconductor device manufacture. 
[0002] 

[Description of the Prior Art] In order to control ** short channel effect with an MOS device 
with detailed-izing of a semiconductor device in recent years, with ** bipolar device, it is cut-off 
frequency fT. In order to make it improve, the need of forming shallow junction with high 
precision has arisen. And as one of the approaches of forming shallow junction, the heating 
approach (RTA:Rapid Thermal Annealing) by the optical exposure which can process short-time 
is adopted at the elevated temperature. Moreover, RTA is used also for formation of various 
annealing, such as recovery of the crystal defect produced by the ion implantation, and a sinter, 
an oxide film, and a nitride. Therefore, it is very important to control substrate temperature 
correctly to the substrate which has various membrane structures, the substrate which has 
various high impurity concentration. 

[0003] However, since the emissivity of a substrate changes with membrane structure, 
membraneous qualities, high impurity concentration, etc. in substrate heating by optical 
exposure, the exposure reinforcement of light will change [ the amount of light absorption of a 
substrate (processing temperature) ] under regularity [an open loop control (Open Loop 
Control)]. Therefore, it is very difficult to control the heating condition of a substrate including 
various dispersion (dispersion by thickness, membraneous quality, the amount of impurities, 
structure, etc.) with a sufficient precision with complication of a production process. The 
processing temperature of a substrate changes with change of the light transmittance of the 
quartz tube which furthermore constitutes substrate heating apparatus, the rate of a light reflex 
of the wall of a chamber, and the output of the lamp used as the light source with time etc. In 
order to cope with this problem, the closed loop control (Closed Loop Control) which measures 
the temperature of a substrate and feeds back that measured value to the output of a lamp is 
examined. If measurement of substrate temperature with a high precision is realizable by this, 
the outstanding substrate temperature control will become possible. 
[0004] Moreover, there is a radiation thermometer as equipment which measures the 
temperature of a substrate. This radiation thermometer has the advantage whose thermometry is 
possible in non-contact. There is a thermocouple as another thermometry equipment. In carrying 
out a thermometry with a thermocouple, there are an approach of contacting a thermocouple 
directly on the surface of a substrate, the approach of fixing a thermocouple on the surface of a 
substrate using heat-resistant adhesives, etc. Since the temperature measurement section (alloy 
section) of a thermocouple contacts a substrate directly, these approaches have the advantage 
in which substrate temperature can be measured almost correctly. 

[0005] A thermocouple is interpolated in the covering member which consists of silicon carbide 
(SiC) as other thermometry equipments, the thermocouple is contacted to a substrate through a 
covering member, and the equipment which measures substrate temperature indirectly is 
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indicated by JP,4H48546A 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the thermometry using the above- 
mentioned radiation thermometer, unlike the thermometry approach of the contact process 
which used the thermocouple, the accuracy of measurement is influenced by the surface state 
of the measuring object, or it is strongly influenced of a measurement environment. Therefore, it 
is difficult for emissivity to differ for every substrate in a substrate with various membrane 
structures and high impurity concentration, and to perform an exact thermometry. 
[0007] Moreover, by the approach of contacting a thermocouple to a substrate directly and 
carrying out a thermometry to it, problems, such as degradation of the thermocouple by the 
reaction of a substrate and a thermocouple and metal contamination of a substrate, occur. 
[0008] In the thermometry by the thermocouple which furthermore carried out interior to the 
covering member, although the problem of the metal contamination to the substrate by the 
thermocouple is solved, it becomes the temperature of a covering member that the 
thermocouple has measured. Moreover, in the process in which a substrate is heat-treated by 
the optical exposure mold thermal treatment equipment, if the temperature of a substrate rises, 
it will absorb directly the light by which the covering member itself was irradiated, and a covering 
member is not only heated by heat conduction, but will be heated. Therefore, since the amount 
of heating by the light absorption of a covering member changes depending on exposure 
reinforcement, the closed loop control which changes optical exposure reinforcement is difficult 
for measuring correctly change of the amount of light absorption by change of the emissivity of a 
substrate with various membrane structures and high impurity concentration (substrate 
temperature). Thus, there was a problem in the substrate temperature control by the 
conventional closed loop control from there being no high measurement technique of the 
precision of substrate temperature. 

[0009] Moreover, the radiation absorption from heat conduction and the covering member from a 
substrate and absorption of an exposure lamp light change with ingredients used as a covering 
member When the case of a quartz and carbonization silicon (SiC) is shown in an example, 
although light absorption is suppressed, since heat conduction is bad, by covering by the quartz, 
heat responsibility is also difficultly inferior in measurement of substrate temperature. On the 
other hand, in covering by carbonization silicon, although excelled in conduction of substrate 
temperature, since there is much light absorption, optical exposure dependence of measurement 
temperature on the strength appears notably. There are merits and demerits in each ingredient 
with such a heat characteristic. 

[0010] Moreover, in the contact section of a covering member and a substrate, a covering 
member is processed evenly, and a false field contact condition is formed, and there is the 
approach of increasing the heat-conduction effectiveness from a substrate, and it also becomes 
increasing the heat capacity of a covering member by this approach. Therefore, since heating by 
direct absorption of light increases, the thermometry of an exact substrate cannot be performed. 

[0011] Therefore, in the closed loop control which changes optical exposure reinforcement, since 
the amount of heating by the light absorption of a covering member changes depending on 
exposure reinforcement, change of the amount of light absorption by change of the emissivity of 
a substrate with various membrane structures or high impurity concentration (substrate 
temperature) cannot be measured correctly. 
[0012] 

[Means for Solving the Problem] This invention is the temperature control approach in the heat 
treatment process of the semiconductor device manufacture made in order to solve the above- 
mentioned technical problem, and is the temperature control approach using the thermometry 
equipment which measures with a thermocouple the temperature of the substrate which is held 
in the heating furnace which has the light source for a heating means, and is heated by the 
optical exposure from the light source to a contact process. The contact section circumference 
with the substrate in the covering member which covers the thermocouple of the above- 
mentioned thermometry equipment is formed with an ingredient with high thermal conductivity. 
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And the process which measures the temperature of a substrate using such thermometry 
equipment in which the covering member except the contact section circumference with a 
substrate is formed with the ingredient with high light transmittance, or the ingredient with the 
high reflection factor of light, It has the process which performs the closed loop control which 
feeds back the measured value to the output of said light source. 

[0013] By the temperature control approach in the heat treatment process of the above- 
mentioned semiconductor device manufacture, the control precision of substrate temperature 
increases by combining measurement of the substrate temperature by the thermometry 
equipment of the above-mentioned configuration, and the closed loop control which feeds back 
the measured value to the output of the light source. That is, a thermocouple is covered with a 
covering member, and among this covering member, since the covering member of a wrap part 
consists of a thermally conductive high ingredient, the heat of a substrate becomes easy to 
conduct the temperature measurement section in the temperature measurement section with 
the above-mentioned thermometry equipment. Therefore, although it is a thermometry through a 
covering member, it becomes possible to measure the temperature of a substrate with a 
sufficient precision. 

[0014] Moreover, since the covering member of other parts except the covering member which 
consists of a high ingredient of this thermal conductivity consists of an ingredient with the high 
permeability of light, or an ingredient with the high reflection factor of light, it does not almost 
have that the covering member of that part absorbs that light in response to the exposure of 
light. Therefore, since the temperature rise of the covering member by the exposure of light is 
almost lost, the temperature measurement value change of the thermocouple by endoergic [ of a 
covering member] and the temperature measurement value change by the radiation from a 
substrate hardly happen. Therefore, since it becomes possible to measure substrate temperature 
with high precision and it applies feedback to the output of the light source based on the 
temperature, it becomes possible to control substrate temperature with high precision. 
[001 5] 

[Embodiment of the invention] An outline sectional view explains thermometry equipment for an 
example of the operation gestalt of the temperature control approach in the heat treatment 
process of the semiconductor device manufacture concerning this invention to drawing 1 with a 
substrate, and the outline configuration sectional view of drawing 2 explains an example of an 
optical exposure mold thermal treatment equipment. 

[001 6] As shown in dr awin g 1 , the thermometry equipment 1 used for the thermometry of a 
heat-treated substrate in the heat treatment process of semiconductor device manufacture is 
held in the heating furnace (tube 1 1 2 made from a quartz) which has the light source 1 1 3 for a 
heating means to explain by drawing 2 , and measures the temperature of the substrate 51 
heated by the optical exposure from the above-mentioned light source 113 to a contact process 
with a thermocouple 1 1. The contact section circumference (temperature measurement section 
covering member 22 of the temperature measurement section 12) with the above-mentioned 
substrate 51 in the covering member 21 which covers the thermocouple 1 1 consists of an 
ingredient with high thermal conductivity. As such an ingredient, carbonization silicon, the silicon 
compound (for example, silicide, such as molybdenum silicide, titanium silicide, and cobalt 
silicide), or the alumina is used, for example. On the other hand, the covering member 21 (line 
part covering member 23) of the above-mentioned thermometry equipment 1 except the contact 
section circumference with the above-mentioned substrate 51 consists of an ingredient with 
high light transmittance, or an ingredient with the high reflection factor of light. As an ingredient 
with high light transmittance, the quartz is used, for example. Or as an ingredient with the high 
reflection factor of light, the alumina is used, for example. 

[001 7] Specifically, the thermometry equipment 1 which consists of a contact process 
thermocouple has the structure where the thermocouple 1 1 is covered with the covering 
member 21. This thermocouple 1 1 is for example, platinum (Pt)-platinum (Pt) and 10% rhodium 
(Rh) thermocouple, and the temperature measurement section (alloy section) 1 2 of a 
thermocouple 1 1 is formed with the alloy of a platinum wire, and a platinum and 10% rhodium line. 
Moreover, at least, one of lines is inserted in the insulating tube 31, and this insulating tube 31 
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consists of a quartz. In this example, the direction of the lead wire 1 3 of platinum is inserted in 
the insulating tube 31. With the natural thing, the direction of platinum and 10% rhodium line 14 
may be inserted in the insulating tube 31 . 

[0018] Among the above-mentioned covering members 21, the temperature measurement 
section covering member 22 of a wrap part consists of thermally conductive high ingredients, and 
the above-mentioned temperature measurement section 12 is formed in the condition of fully 
contacting the temperature measurement section 12. This temperature measurement section 
covering member 22 consists of an ingredient which has the thermal conductivity more than 
decade extent of a quartz (thermal conductivity = 1.66 W-m -1-K— 1), and an ingredient which 
has thermal conductivity with a 100 W-m of -1-K-1 or more about preferably. As such an 
ingredient, there is carbonization silicon (thermal conductivity = 261 W-m -1-K-1), for example. 
[0019] The above-mentioned temperature measurement section covering member 22 fully 
contacts the temperature measurement section 12, and is formed with the carbonization silicon 
which is a thermally conductive high ingredient. Although it is the thermometry which minds the 
temperature measurement section covering member 22 from this, it enables the heat of a 
substrate 51 to fully measure the temperature of propagation and a substrate 51 to the 
temperature measurement section 12. Furthermore, the temperature measurement section 
covering member 22 is small in surface area, in order to suppress direct absorption of light as 
much as possible, and in order to raise heat responsibility, it is made into the structure where 
heat capacity is small That is, the configuration of the temperature measurement section 
covering member 22 has constituted the cap configuration to the temperature measurement 
section 12, for example, the bore of 1.4mm and a cap is formed in height of 1.4mm of 0.9mm and 
a cap for the outer diameter of a cap. 

[0020] Moreover, among the above-mentioned covering members 21, the line part covering 
member 23 of other parts except the above-mentioned temperature measurement section 
covering member 22 consists of quartzes excellent in infrared permeability, and since it is formed 
in the shape of [ which has a circular cross section as structure which moreover suppressed 
direct absorption of light as much as possible ] tubing, even if it receives the exposure of light, it 
does not almost have absorbing the light. Therefore, since the temperature rise of the line part 
covering member 23 by the exposure of light is almost lost, the temperature measurement value 
change of the thermocouple 1 1 by endoergic [ of the line part covering member 23 ] hardly 
happens. 

[0021] Moreover, generally each front face of the lead wire 1 3 and 14 of a thermocouple 1 1 is 
formed in the condition of being easy to reflect light Therefore, even if light is irradiated by the 
thermocouple 11, a thermocouple 11 is hardly influenced of the irradiated light. Furthermore, 
since the above-mentioned temperature measurement section covering member 22 is thermally 
formed with stable carbonization silicon with the heat treatment temperature (1200 degrees C or 
less) of the usual silicon substrate with high thermal resistance, a substrate 51 is not polluted by 
the above-mentioned temperature measurement section covering member 22 at the time of heat 
treatment. 

[0022] In addition, the substrate 51 is horizontally supported by the temperature measurement 
section covering member 22 which becomes a part for the point of the above-mentioned 
thermometry equipment 1 with two or more substrate supporters (2 [ for example, ]) made from 
a quartz (illustration abbreviation) projected from the quartz tray (illustration abbreviation). 
[0023] Next, the outline configuration sectional view of d rawing 2 explains an example of the 
optical exposure mold thermal treatment equipment which uses the thermometry equipment 1 
explained with the above-mentioned operation gestalt. 

[0024] As shown in drawing 2 , the tube 112 which becomes with the quartz glass which has high 
permeability to infrared radiation is installed in the interior of the fission reactor 1 1 1 covered 
with gold, and the halogen lamp which serves as the light source 1 1 3 for heating at the side 
periphery of this tube 1 1 2 is installed in it. And it opens and closes in the case of the taking-out 
close of a substrate 51, and the end side of the above-mentioned tube 1 1 2 is prepared in the 
end side of a fission reactor 111, and when sealing the inside of the above-mentioned tube 112 
further, that part is equipped with the door 1 15 equipped with packing 1 14 (for example, packing 
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made of resin) so that the inside of this tube 1 12 can be made airtight. 

[0025] On the other hand, the gas installation tubing 1 1 6 for introducing gas is connected to the 
other end side of the above-mentioned tube 1 1 2. And the tray 1 1 7 made from the quartz for 
supporting a substrate 51 is put on the interior of the above-mentioned tube 1 12. The substrate 
supporter 1 1 8 made from a quartz is formed in this tray 1 1 7, and the substrate 51 is supported 
by the point (temperature measurement section 12 through the temperature measurement 
section covering member 22 explained by said drawing 1 ) of the thermometry equipment 1 
arranged on a tray 117 with this substrate supporter 118. Moreover, the lead wire 13 and 14 of 
the thermocouple of thermometry equipment 1 is pulled out outside from the hole 119 prepared 
in the edge of a fission reactor 111. Moreover, the aperture 1 20 which makes a thermometry 
possible by the pyrometer 1 31 is formed in the fission reactor 111. Thus, the optical exposure 
mold thermal treatment equipment 1 01 is constituted. 

[0026] At the 1 st process, the temperature of the above-mentioned substrate 51 heated by the 
optical exposure mold thermal treatment equipment 101 explained by drawing 2 is measured 
using the thermometry equipment 1 explained by above-mentioned drawin g 1 . 
[0027] Subsequently, at the 2nd process, the measured value of the temperature of the above- 
mentioned substrate 51 is fed back to the output of the above-mentioned light source 1 1 3, and 
the closed loop control which adjusts the output of the light source 1 1 3 so that the temperature 
of a substrate 51 may be held to predetermined within the limits is performed. 
[0028] When the above-mentioned closed loop control has for example, high substrate 
temperature, the difference of the measurement temperature value and laying temperature value 
is searched for. Based on the difference, decrease the output of the light source 113, and it is 
made to make substrate temperature in agreement with laying temperature. On the other hand, 
when substrate temperature is low, the difference of the measurement temperature value and 
laying temperature value is searched for, and by making the output of the light source 1 1 3 
increase based on the difference, as substrate temperature is made in agreement with laying 
temperature, substrate temperature is always held at laying temperature. What is necessary is 
just to determine the amount of increase and decrease of the output of the light source based 
on the data for which it asked beforehand, for example from the difference of the measured 
value of the above-mentioned substrate temperature, and a laying temperature value. 
[0029] By the temperature control approach in the heat treatment process of the above- 
mentioned semiconductor device manufacture, the precision of the temperature control of a 
substrate 51 increases by combining the thermometry of the substrate 51 by the thermometry 
equipment 1 of the above-mentioned configuration, and the closed loop control which feeds back 
the measured value to the output of the light source 1 1 3. That is, a thermocouple 1 1 is covered 
with the covering member 21 , and among this covering member 21 , since the temperature 
measurement section covering member 22 of a wrap part consists of a thermally conductive high 
ingredient, the temperature of a substrate 51 becomes easy to conduct the temperature 
measurement section 12 in the temperature measurement section 12 with the above-mentioned 
thermometry equipment 1 . Therefore, although it is a thermometry through the temperature 
measurement section covering member 22, it becomes possible to measure the temperature of a 
substrate 51 with a sufficient precision. 

[0030] Moreover, since the line part covering member 23 of other parts except the temperature 
measurement section covering member 22 consists of an ingredient with the high permeability of 
light, or an ingredient with the high reflection factor of light, it does not almost have that the line 
part covering member 23 absorbs the light in response to the exposure of light. Therefore, since 
the temperature rise of the line part covering member 23 by the exposure of light is almost lost, 
the temperature measurement value change of the thermocouple 1 1 by endoergic [ of the line 
part covering member 23 ] and the temperature measurement value change by the radiation from 
a substrate 51 hardly happen. Therefore, since it becomes possible to measure the temperature 
of a substrate 51 with high precision and it applies feedback to the output of the light source 
1 1 3 based on the temperature, it becomes possible to control the temperature of a substrate 51 
with high precision. 

[0031] Next, the outline configuration sectional view of drawing 3 explains the thermometry 
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equipment of the conventional contact process thermocouple as an example of a comparison. In 
drawing 3 , the thermometry equipment 201 of a conventional type is inserted! into the tube 112 
made from the quartz of an optical exposure mold thermal treatment equipment, the condition of 
having measured the temperature of a substrate 51 is shown, and the same sign is given to the 
same thing as the component part explained by said d rawi ng 1 . The thermometry equipment 201 
of this conventional type has structure covered with the covering member 221 which a 
thermocouple 1 1 becomes from carbonization silicon (SiC). This thermocouple 1 1 is for example, 
platinum (Pt)-platinum (Pt) and 10% rhodium (Rh) thermocouple, and the temperature 
measurement section (alloy section) 1 2 of a thermocouple 1 1 is formed with the alloy of a 
platinum wire, and a platinum and 10% rhodium line. Moreover, at least, one of lines is inserted in 
the insulating tube 31 , and this insulating tube 31 consists of a quartz. In this example, the 
direction of the lead wire 1 3 of platinum is inserted in the insulating tube 31 . 

[0032] With the thermometry equipment 201 of the above-mentioned conventional type, it is the 
temperature of the covering member 221 which the thermocouple 1 1 has measured. If a 
substrate 51 is heated and the temperature rises in the process in which a substrate 51 is heat- 
treated by the optical exposure mold thermal treatment equipment (illustration abbreviation), 
since covering member 221 self will absorb the light of the light source 113 directly and it the 
covering member 221 is not only heated by heat conduction from a substrate 51 , but will be 
heated, exact measurement of substrate temperature becomes difficult. When it changes with 
ingredients used as a covering member 221 and the case of a quartz and carbonization silicon is 
shown in an example, since [ with little radiation absorption ] heat conduction of a quartz is bad, 
as for the radiation from the substrate 51 of heat conduction from a substrate 51 , and the 
covering member 221 , and the absorption of light from the light source 1 1 3, measurement of 
substrate temperature is difficultly inferior [ a quartz ] also in heat responsibility. On the other 
hand, in covering by carbonization silicon, since carbonization silicon has much radiation 
absorption and its heat conduction is good, although excelled in conduction of substrate 
temperature, there is much light absorption and optica! exposure dependence of measurement 
temperature on the strength appears notably. 

[0033] Next, drawing 4 explains the structure of three kinds of samples to which the thickness 
for changing the emissivity of a substrate was changed. 

[0034] As shown in (1) of drawing 4 , the laminating of the capping oxidation silicone film 65 of 
the thickness of 64,300nm of polycrystal silicone films of the thickness of 63,1 50nm of silicon 
oxide (Si02) film is carried out to the one side (front-face side) of a silicon substrate 62, and, as 
for the 1 st evaluation sample 61 , the laminating of the polycrystal silicone film 67 of the 
thickness of 66,1 50nm of silicon oxide (Si02) film is carried out to the other side (rear-face side) 
of a silicon substrate 62. And although the above-mentioned oxidation silicone films 63 and 66 
are changing thickness in 700nm ~ 900nm, the thickness dependencies of the amount of light 
absorption are few things. Moreover, the ion implantation of the 2 boron fluoride (BF2) is carried 
out on the conditions which it is devoted to the polycrystal silicone film 64, and 40keV(s) and a 
dose become [ energy ] 5.4x1 01 4-piece [/cm ] 2. 

[0035] As shown in (2) of drawing 4 , the laminating of the capping oxidation silicone film 75 of 
the thickness of 74,300nm of polycrystal silicone films of the thickness of 73,1 50nm of silicon 
oxide (Si02) film with a thickness of 800nm is carried out to the one side (front-face side) of a 
silicon substrate 72, and, as for the 2nd evaluation sample 71, the laminating of the silicon oxide 
(Si02) film 76 with a thickness of 800nm and the polycrystal silicone film 77 is carried out to the 
other side (rear-face side) of a silicon substrate 72. And the polycrystal silicone film 77 by the 
side of the above-mentioned rear face is changing thickness in 1 50nm - 350nm, and the 
thickness dependency of the amount of light absorption is large rather than the 1 st evaluation 
sample 61. Moreover, in the polycrystal silicone film 74 by the side of a front face, placing energy 
is 40keV(s) and a dose is 2 5.4x1014 pieces/cm. The ion implantation of the 2 boron fluoride 
(BF2) is carried out on conditions. 

[0036] As shown in (3) of draw]n£j4 , the laminating of the capping oxidation silicone film 85 of 
the thickness of 84,300nm of polycrystal silicone films of the thickness of 83,1 50nm of silicon 
oxide (Si02) film is carried out to the one side (front-face side) of a silicon substrate 82, and, as 
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for the 3rd evaluation sample 81, the laminating of the polycrystal silicone film 87 of the 
thickness of 86,1 50nm of silicon oxide (Si02) film is carried out to the other side (rear-face side) 
of a silicon substrate 82. And as for the above-mentioned 3rd evaluation sample 81 , that whose 
thickness of the oxidation silicone films 83 and 86 is five kinds which are the range which is 
1 0Onm - 600nm, i.e., 1 OOnm, 200nm, 300nm, 4G0nm, and 600nm is prepared. Therefore, in these 
3rd evaluation samples 81, the thickness dependency of the light absorption of the oxidation 
silicone films 83 and 86 is very large. Moreover, in the polycrystal silicone film 84, placing energy 
is 40keV(s) and a dose is 2 5.4x1014 pieces/cm. The ion implantation of the 2 boron fluoride 
(BF2) is carried out on conditions. 

[0037] two or more every from which the thickness of the oxidation silicone film 63 differs — 
two or more every from which the thickness of the 1 st evaluation sample 61 and the polycrystal 
silicone film 77 differs — two or more every from which the thickness of the 2nd evaluation 
sample 71 and the oxidation silicone films 83 and 86 differs - — the 3rd evaluation sample 81 was 
alike, respectively, the thermocouple was directly stuck using heat-resistant adhesives, and the 
exact thermometry using the thermocouple was performed. 

[0038] In the thermometry, each 1st, 2nd, and 3rd evaluation samples 61 , 71, and 81 explained by 
above-mentioned draw ing 4 instead of the substrate 51 using the optical exposure mold thermal 
treatment equipment 1 01 explained by said drawing 2 were heat-treated [RTA (Rapid Thermal 
Annealing)]. The sequence of RTA carries in an evaluation sample in the tube 1 1 2 (refer to 
drawing 2 ) set as the 200-degree C temperature ambient atmosphere, as shown in drawing 5 . 
And after heating to the laying temperature T of RTA with the heating rate of 50 degrees C/s, it 
is the order of carrying out maintenance for t seconds (for example, for 10 seconds) at the laying 
temperature T, cooling to 400 degrees C with the cooling rate of 50 degrees C/s after that, and 
taking out an evaluation sample from the inside of a tube 1 1 2. The laying temperature T of 
Above RTA was set as 900 degrees C, 1000 degrees C, 1 050 degrees C, 1 100 degrees C, and 
1 1 50 degrees C. In addition, the sequence of Above RTA is an example and changing suitably is 
possible. 

[0039] Here, the temperature dependence of the sheet resistance of each evaluation sample 
when processing with each laying temperature is shown in drawing 6 . By dra wing 6 , sheet 
resistance rhos is shown on an axis of ordinate, and the laying temperature of RTA is shown on 
an axis of abscissa by it. If 900 to about 950 degrees C show the sheet resistance of almost 
fixed 21 40ohms / ** extent and becomes an elevated temperature from about 1 000 degrees C 
as shown in drawing 6 , sheet resistance will fall rapidly. And at 1 050 degrees C, it became the 
sheet resistance of 1420ohms / ** extent, and 1 100 degrees G showed the sheet resistance of 
980ohms / ** extent, and it became the sheet resistance of SOOohms / ** extent at 1 1 50 
degrees C. 

[0040] Drawing 7 shows the relation of the sheet resistance rhos (axis of ordinate) of each 
evaluation sample and measurement temperature (axis of abscissa) which were measured with 
the thermometry machine 1 (refer to drawing 1 ) of this invention, and the thermometry 
equipment 201 (refer to drawing 3 ) of a conventional type. The round head of void, a trigonum, 
and the square mark show the measured value with the thermometry machine 1, and a black- 
lacquered round head, a trigonum, and the square mark show the measured value by 
thermometry equipment 201. 

[0041 ] In the evaluation sample whose thickness of the polycrystal silicone film 77 in the 2nd 
evaluation sample 71 is 250nm, substrate temperature specifically uses a lamp output which 
becomes 1050 degrees C. It heat-treats with the same lamp output to all the evaluation samples 
that changed the thickness of the oxidation silicone films 63 and 66 of the 1 st evaluation sample 
61, the thickness of the polycrystal silicone film 77 of the 2nd evaluation sample 71 , and the 
thickness of the oxidation silicone films 83 and 86 of the 3rd evaluation sample 81 . That is, the 
exposure reinforcement of light performs consecutive processing by the open loop control of 
heat-treating by the fixed basis, and measures sheet resistance and substrate temperature. 
[0042] As shown in draw ing 7 , sheet resistance (substrate temperature) changes with the 
differences in the thickness of the film formed in the substrate front face in the open loop 
control which does not depend on a substrate but is processed by the same optical exposure 
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reinforcement. Moreover, in drawing 6 and drawing 7 , if the curve of temperature dependence of 
the sheet resistance by the laying temperature of RTA is compared with the curve of 
temperature dependence of the sheet resistance in the measurement temperature by 
thermometry equipment 1, the curved form is in agreement. It is shown also to various 
substrates with which substrate structures differ and with which the amount of absorption of 
light is different from this that thermometry equipment 1 (refer to draw ing 1 ) can improve 
[ exact measurement of substrate temperature ] repeatability. On the other hand, as for the 
relation between the measurement temperature measured with the thermometry equipment 201 
(refer to drawing 3 ) of a conventional type, and the sheet resistance at that time, it turns out 
that it differs from the curve of temperature dependence of d raw ing 6 sharply, and it is shown 
that exact measurement of substrate temperature has not done the thermometry equipment 201 
of a conventional type. 

[0043] It processes at the measurement temperature of 1050 degrees C by the sequence which 
explained the sample to which the thickness of the oxidation silicone films 83 and 86 of the 3rd 
evaluation sample 81 was changed by said drawin g 5 in the closed loop control using 
thermometry equipment 201 (refer to drawing 3 ) and thermometry equipment 1 (refer to drawing 
1 X and the thickness dependency of the sheet resistance at this time is shown in drawing 8 with 
the thickness dependency in an open loop control. By this drawing 8 , sheet resistance rhos is 
shown on an axis of ordinate, oxidation silicone film thickness is shown on an axis of abscissa by 
it, and the closed loop control according [ the square mark of an open loop control and void ] to 
thermometry equipment 1 in the black-lacquered round mark in drawing and the trigonum mark 
of void show the closed loop control by the thermometry equipment 201 of a conventional type 
by it. Moreover, similarly, the thickness dependency of the reduced temperature from sheet 
resistance is shown in drawing 9 , and the closed loop control according [ the square mark of an 
open loop control and void ] to thermometry equipment 1 in the black-lacquered round mark in 
drawing and the trigonum mark of void show the closed loop control by the thermometry 
equipment 201 of a conventional type. By this drawing 9 , substrate temperature is shown on an 
axis of ordinate, and oxidation silicone film thickness is shown on an axis of abscissa by it 
Thickness dependence of the sheet resistance (substrate temperature) which appears notably in 
an open loop control improves by using thermometry equipment 1 so that clearly from drawing 8 
and draw ing 9 . However, with thermometry equipment 201 , the improvement effect of thickness 
dependence of sheet resistance (substrate temperature) is not seen. 

[0044] The lamp output at the time of the stability by the thickness of the oxidation silicone 
films 83 and 86 when processing at the measurement temperature of 1050 degrees C by the 
sequence which explained the sample to which the thickness of the oxidation silicone films 83 
and 86 of the 3rd evaluation sample 81 was changed by the closed loop control using 
thermometry equipment 1 (refer to drawing 1 ) and thermometry equipment 201 (refer to drawing 
3 ) by said dra wing 5 was shown in drawing 10 . By this drawing 10 , a lamp output (power ratio 
to the maximum output) is shown on an axis of ordinate, oxidation silicone film thickness is 
shown on an axis of abscissa by it, and the closed loop control according [ the square mark of an 
open loop control and void ] to thermometry equipment 1 in the black-lacquered round mark in 
drawing and the trigonum mark of void show the closed loop control by the thermometry 
equipment 201 of a conventional type by it. 

[0045] As shown in drawing 10 , in the closed loop control using thermometry equipment 1 , it 
turns out that the higher lamp output was applied in the oxidation silicone film thickness to which 
substrate temperature becomes low, and substrate temperature is amended. However, with 
thermometry equipment 201, as shown in said d ra wing 7 , since measurement temperature hardly 
changes even if substrate temperature has actually changed, it does not depend on oxidation 
silicone film thickness, but becomes the almost same lamp output, and oxidation silicone film 
thickness has not amended substrate temperature. From the above thing, it is proving that 
thermometry equipment 201 is absorbing the light from a lamp directly with thermometry 
equipment 201 . Thus, it turns out that it is necessary reduce the surface area of carbonization 
silicon and to make it the structure which suppressed light absorption as much as possible as 
structure of thermometry equipment. With the structure which covered the thermocouple 1 1 
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altogether like thermometry equipment 201 in short before, the light absorption of the 
measurement with a precision and sufficient in a closed loop control is impossible. 
[0046] Although above-mentioned drawing 6 - drawin g 10 showed the result of the closed loop 
control by thermometry equipment 1 using the result of the 3rd evaluation sample 81 which 
changes the amount of light absorption of a substrate extremely by oxidation silicone film 
thickness In the production process of the managed actual semiconductor device, there is little 
fluctuation of the light absorption (substrate temperature) by process dispersion of thickness or 
membraneous quality far, and thickness dependence of the sheet resistance (substrate 
temperature) in an open loop control can fully be canceled by the closed loop control using 
thermometry equipment 1. 

[0047] As mentioned above, in order to perform accurate measurement in a closed loop control, 
it is necessary to make small structure of the carbonization silicon covered in the temperature 
measurement section as much as possible, and to suppress light absorption. 
[0048] Although the effectiveness of a closed loop control was shown using the substrate into 
which thickness was changed and the amount of absorption of light was changed as an example 
In the closed loop control using thermometry equipment 1 (refer to drawing 1 ) In order to feed 
back to the output of the lamp which measures actual substrate temperature and serves as the 
light source 11 3, The light transmittance of the tube 1 1 2 made from a quartz and the rate of a 
light reflex of the wall of a fission reactor 1 1 1 which constitute the optical exposure mold 
thermal treatment equipment 1 01 , Also when the processing temperature of the substrate 51 by 
change of the output of the lamp used as the light source 1 1 3 with time etc. changes, 
measurement of substrate temperature with a high precision is realized by this invention. 
[0049] In order to evaluate the stability of this control approach, the closed loop control using 
thermometry equipment 1 (refer to drawing 1 ) estimated the stability of the closed loop control 
by the thermometry equipment 1 in consecutive processing of 1 350 sheets by performing heat 
treatment for 1 0 seconds at the measurement temperature of 1 050 degrees G by the sequence 
explained by said drawing 5 , and reading the output of the lamp used as the measurement 
temperature of the thermometry equipment 1 at this time, and a pyrometer, and the light source 
1 13. The silicon substrate in which the 600nm thermal oxidation film (Si02 film) was formed was 
used for the sample, and the measurement error of the pyrometer by emissivity dispersion of a 
silicon substrate was eliminated by performing the sampling of measurement temperature and a 
lamp output from the same silicon substrate. 

[0050] Since transition of the measurement temperature of the thermometry equipment 1 shown 
in drawing 11 is a closed loop control by thermometry equipment 1, naturally it becomes fixed at 
1 050 degrees C. By this drawi ng 11 , measurement temperature is shown on an axis of ordinate, 
and the processing number of sheets of a substrate is shown on an axis of abscissa by it. 
[0051] However, actual substrate temperature is not fixed because of the drift of thermometry 
equipment 1, and to the same sample, if this drift is the same conditions, it can be known by 
transition ( drawing 13 ) of the pyrometer which measures almost exact substrate temperature. 
Drawing 12 explains this result. This drawing 1 2 shows the measurement temperature by the 
pyrometer to a left-vertical shaft, and shows drift temperature to a right longitudinal shaft, and 
the processing number of sheets of a substrate is shown on an axis of abscissa by it. Since it 
begins to use new thermometry equipment 1 as shown in drawing 12 , although the about -3- 
degree C drift from 0 degree C is seen to about 200 sheets, it turns out after the 200th sheet 
that the temperature control **1 .0 degrees C or less which was very excellent is possible 
focusing on -3 degrees C. 

[0052] Moreover, the relation between a lamp output (axis of ordinate) and the processing 
number of sheets (axis of abscissa) of a substrate is shown in drawing 1 3 . The lamp output 
shown here is a ratio to the maximum lamp output. As shown in this drawing 13 , after a lamp 
output performs consecutive processing of about 50 sheets, it turns out that it becomes the 
output stabilized within the limits of about **Q.5% of dispersion. 

[0053] From the above thing, in case new thermometry equipment 1 is used, it is necessary to 

perform heat treatment for 1 0 seconds about 200 times at the measurement temperature of 

1 050 degrees C by the sequence explained, for example by said drawing 5 . Very stable substrate 
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temperature control is realized by the closed loop control by the thermometry equipment 1 
which performed heat treatment which the count of predetermined followed. In addition, 200 
times of the above-mentioned count of heat treatment are an example, and the count of heat 
treatment is suitably chosen by heat treatment conditions (temperature, time amount, etc.). 
[0054] 

[Effect of the Invention] As mentioned above, since according to this invention the covering 
member of the temperature measurement section of thermometry equipment consists of a 
thermally conductive high ingredient and substrate temperature fully becomes the temperature 
measurement section from an ingredient with propagation and the covering member of other 
parts high [ light transmittance or the rate of a light reflex ] as explained, the covering member 
of th is part hardly absorbs light. Therefore, substrate temperature can be correctly measured 
with this thermometry equipment. Since it uses for the closed loop control which feeds back 
substrate temperature to a lamp output and controls this thermometry equipment to the 
temperature of a request of a substrate, even if it is the case where the substrate from which 
the emissivity and the amount of light absorption (processing temperature) by membrane 
structure, membraneous quality, high impurity concentration, etc. change is heat-treated, it 
becomes possible to control substrate temperature with a sufficient precision. Even if there is a 
change of the light transmittance of the quartz tube which furthermore constitutes an optical 
exposure mold thermal treatment equipment, the rate of a light reflex of a fission reactor wall, 
the output of the lamp used as the light source, etc. with time, stable control of substrate 
temperature is realizable. 

[Translation done ] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer, So the translation may not reflect the original 
precisely. 

2.**#* shows the word which can not be translated. 
3 in the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view of the operation gestalt concerning the temperature 
control approach of this invention. 

[Drawing 2] It is the outline configuration sectional view of the optical exposure mold thermal 
treatment equipment which uses thermometry equipment. 

[Drawing 3] It is the outline configuration sectional view of the thermometry equipment of the 
example of a comparison. 

[Drawing 4] It is the outline configuration sectional view of each evaluation sample. 
[Drawing 5] It is the explanatory view of the sequence of RTA. 

[Drawing 6] It is the related Fig. of the sheet resistance of each evaluation sample, and the 
laying temperature of RTA. 

[Dra wing 7] It is the related Fig. of the measurement temperature and sheet resistance by the 
thermometry equipment of this invention, and the thermometry equipment of the example of a 
comparison. 

[Draw in g 8] It is the related Fig. of the sheet resistance of the 3rd evaluation sample, and 
oxidation silicone film thickness. 

[Drawing 9] It is the related Fig. of the substrate temperature of the 3rd evaluation sample, and 
oxidation silicone film thickness, 

[Drawing 10] It is the related Fig. of the lamp power ratio in the 3rd evaluation sample, and 
oxidation silicone film thickness. 

[Draw in g 1 1] It is the related Fig. of the measurement temperature and the substrate processing 
number of sheets by the thermometry equipment of this invention in consecutive processing of 
RTA. 

[Draw ing 12] They are the related Fig. of the measurement temperature and the substrate 
processing number of sheets by the pyrometer in consecutive processing of RTA, and the 
related Fig. of the amount of drifts of the measurement temperature of the thermometry 
equipment of this invention, and substrate processing number of sheets. 

[Draw ing 13 ] It is the related Fig. of the lamp output and substrate processing number of sheets 
in consecutive processing of RTA. 
[Description of Notations] 

1 [ — A temperature measurement section covering member, 23 / — A line part covering 
member, 51 / — A substrate, 113/ — Light source ] — Thermometry equipment, 1 1 — A 
thermocouple, 21 — A covering member, 22 

[Translation done.] 
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[Procedure revision] 

[Filing Date] December 12, Heisei 15 (2003. 12.12) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 4 

[Method of Amendment] Modification 

[The contents of amendment] 

[Claim 4] 

In the temperature control approach in the heat treatment process of semiconductor device 
manufacture according to claim 2, 

After said thermometry equipment heat-treats the count of predetermined, it is used for the 
thermometry of said substrate. 

The temperature control approach in the heat treatment process of the semiconductor device 
manufacture characterized by things. 



[Translation done.] 



H01L 21/66 
G01K 7/02 
G05D 23/22 
H01L 21/02 



[FI] 



H01L 21/66 
G01K 7/02 
G05D 23/22 
H01L 21/02 



T 
Z 

2 
Z 



http://www4JpdLncipLgojp/cgi-bin/tra^ 2006/1 2/28 



